in cost between two or more treatment alternatives is weighted against the difference in effects in order to calculate the results expressed as a ratio: the incremental cost-effectiveness ratio (ICER). The recommended effect measure used by agencies such as the NICE when performing a CEA is quality-adjusted life years (QALYs) [1] . The QALY combines life years with the health state utility, often expressed in terms of health-related quality of life (HRQoL). Health state utility (or HRQoL) for QALY calculations can be obtained in different ways. Health economics is often associated with the theories of welfare economics. Within the field of welfare economics, it is
INTRODUCTION
Decisions on resource allocation and priority setting are a reality in the health care sector. Decision makers need to battle the gap between available resources and the increasing demand for health care. In this context, health economic analyses studying costs and effects of technologies are important in enabling informed decisions about resource allocation. Several agencies, including the National Institute for Health and Clinical Excellence (NICE) in England and Wales, require economic evidence to be presented in the form of cost-effectiveness analyses (CEAs) [1] . In these analyses, the difference Farmeconomia. Health economics and therapeutic pathways 2012; 13 (1) Could the choice of patient versus proxy ratings for assessing quality of life in dementia affect resource allocation in health care?
tations and poor patient insight in dementia [7] , both the proxy ratings and the patients' own ratings have been questioned regarding validity. It has been argued that since it is not established who is the most appropriate rater in dementia -the patient or the proxy -data should be gathered from both [10] . Depending on who the rater of a patient's HRQoL is, the patient or a proxy, the result of the CEA, i.e., the ICER, is likely to differ. The discrepancies between patient and proxy ratings in dementia are well known, but to what extent this has an impact on the results of CEAs has, to our knowledge, not been previously studied. This information is, however, of great importance when it comes to deciding on method and critically appraising results of CEA studies. If the differences are sufficiently large, the choice of rater could ultimately lead to different decisions concerning resource allocation in health care.
AIM
The aim of this paper is to demonstrate how the choice of rater, patient self-rater or caregiver proxy rater of the patient's HRQoL in dementia, for use in CEAs, could potentially affect resource allocation within health care.
METHODS
Using a health economic model, we investigated the impact of different raters (patient and proxy) of patient HRQoL on the ICER. The model simulates the natural history of Alzheimer's disease (AD) and calculates the cost-effectiveness of a new hypothetical treatment slowing the progression of AD.
THE HEALTH ECONOMIC MODEL
A Markov model was constructed to model the progression of AD in four health states, from the onset of cognitive impairment to severe cognitive impairment (Figure 1 ). 10,000 individuals enter the model in the onset of cognitive impairment health state and can thereafter progress to a more severe cognitive health state with a monthly probability (monthly cycle length). Onset of cognitive impairment, progression, and health states were modeled based on Mini-Mental State Examination (MMSE) scores. The MMSE [11] is a common instrument for measuring cognitive ability in dementia. It includes questions on orientation, registration, attention and calculation, memory, language, spatial ability, and ability to follow instructions. The score ranges from 0 to 30, where 30 represents high cognitive ability. In the model, onset of cognitive impairment was defined as a assumed that the judge of a person's utility should always be the affected individual. Summarizing the tenet of "Individual sovereignty" within the framework of welfare economics, Hurley (2000, p. 60) [2] writes: «Individual sovereignty asserts that individuals are the best judges of their own welfare; that any assessment of individual welfare should be based on a person's own judgment. It rejects paternalism, the notion that a third party may know better than the individuals themselves what is best for them». Whose preferences for valuing HRQoL (HRQoL will be the term used hereafter in the present study) should be used is, however, a much debated subject. Many argue that the preferences of the public should be used rather than those of the individual, and one argument for this is that when a societal perspective (i.e., the argument that all relevant costs and effects that arise within society should be included) is advocated for the health economic analyses, then the preferences for different health states should be gathered from the general public [3] . Dolan (1999) argues that the issue boils down to whether or not the fact that persons in poor health states may adapt to, or cope with, their situation, and consequently not assign the health state the "true" value, should be taken into account [4] . Another dimension related to the issue of whose preferences to use arises when a person, due to, e.g., young age (small children) or cognitive impairment/dementia, has difficulties stating their own preferences or rating their own health state. In these situations, proxy raters are often used as a representative of the patient. A proxy is a person who is close to, and has knowledge about, the patient. Within the field of dementia, where the issue of patient self-ratings versus proxy ratings is a well-acknowledged methodological challenge, research has shown that there are differences between self-ratings of the persons with dementia and proxy ratings. Proxy ratings of the patients' HRQoL in dementia are lower than the patients' own ratings of their HRQoL [5] [6] [7] [8] [9] . Sands et al. (2004) [5] set out to explain the differences in subjective quality of life (QoL) ratings between patients with mild to moderate dementia and their caregiver proxies, and conclude that the difference could be related to factors such as level of caregiver burden, with a higher burden level meaning lower rating of the patients' QoL as compared to the patients' own rating. As there may be issues of bias concerning caregiver proxy ratings [5] and questions concerning patients' own ratings due to cognitive limi- [17] . The EQ-5D instrument includes five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, and has three response options that correspond to: "no problems", "moderate problems", and "severe problems". The EQ-5D has a possible score ranging from -0.594 to 1, where 1 represents full health [18] . The patients in the Jönsson et al. [7] study answered the EQ-5D themselves or with help from an interviewer. The HRQoL values were discounted using a 3% rate.
RESULTS
The health economic model in the present study was used to illustrate the result of a [7] AD = Alzheimer's disease MMSE score of ≤ 24 [12] . The progression in the model was based on a study by Mendiondo et al. [13] . In this study, Mendiondo et al. presented mean MMSE change per year for different MMSE values. These progression rates were incorporated in the model to model the MMSE progression, and thus transitions between the health states in the model. In each cycle, all individuals are at risk of death through all cause mortality [14] . The starting age of the patients in the model was 75. The simulations were run until all patients had moved through the model, from stage 1 to death. Based on this model of the natural progression of AD, we created a strategy whereby a hypothetical treatment of AD was introduced. In the base case scenario, the treatment would decrease the monthly deterioration of MMSE by 10%, but add an additional cost of € 100 per month. In addition, we ran the model for scenarios of treatment effects of 5%, 6%, 7%, 8%, and 9% in order to illustrate how the result would differ depending on choice of rater and also depending on different treatment effects.
COSTS
Costs associated with the different stages of AD were retrieved from a study by Jönsson et al. [15] that included 272 patients and their caregivers. In that article, the authors had calculated mean annual costs for each of the MMSE stages [15] ( Table I ). The mean costs included costs for medical care (pharmaceuticals), in-and outpatient care, community care (special housing, home help, day center visits, etc.), and informal care performed by family caregivers [15] . The costs were discounted using a 3% rate.
HEALTH-RELATED QUALITY OF LIFE
Data on HRQoL for the analysis were retrieved from a study by Jönsson et al. [7] which measured patient and proxy HRQoL weights for the different stages of dementia (Table II) . The total population in the Jönsson et al. [7] study was 272 patients and their caregivers (proxies) who were mostly spouses or children. The proxies were asked to rate how they judged the patients' HRQoL [16] . The patients were diagnosed with possible or probable AD and the mean age was 75.9 years [7] . The ratings retrieved from the Jönsson et al. study [7] used in the present article are the ones where both patient and caregiver ratings were available. The HRQoL in the article [7] was collected using the EQ-5D instrument proxy HRQoL ratings are above the WTP level of € 50,000. At higher treatment effects, the ICERs based on proxy ratings are under the WTP levels of € 50,000, around € 30,000 at a treatment effect of 9% and also under € 20,000 at the highest treatment effect used in the present study, of 10%. The ICERs from the analyses based on patient self-ratings are, however, never below the WTP level of € 50,000. The National Institute for Health and Clinical Excellence (NICE) has defined a value range of £ 20,000-30,000 (approximately € 22,100-33,200) for cost per QALY gained to illustrate whether a technology is considered an effective use of resources [1] . Based on this value range, the choice of rater, patient or proxy, may have an important impact on resource allocation.
DISCUSSION
In the present paper, we have illustrated that the choice of rater of a patient's HRQoL in dementia has an important impact on the results of the CEA, and may also have an effect on decision making. Depending on the choice of rater, the value of the ICER will change dramatically. As shown in our analysis, the ICER would differ between € 53,600 for the new, hypothetical, treatment if patient ratings were used and € 15,200 if proxy ratings were used. Applying the value range of £ 20,000-30,000 (approximately € 22,100-33,200) for cost per QALY gained, set by the NICE [1] , it is clear that the choice of rater could have a substantial impact on the decision on whether or not to fund the new treatment. For a technology with an ICER > € 33,200 per QALY gained, strong arguments concerning, e.g., considerable benefits not captured by the QALY are needed in order for the technology to be included in public funding [1] . From the example in the present study, this would mean that if proxy ratings were used for the analysis, the treatment under investigation would be considered costeffective; by contrast, if the HRQoL ratings of the patients themselves were used, generating a substantially higher cost/QALY gained, the treatment would not be regarded as cost-effective. Rating HRQoL when diagnosed with dementia is linked to a number of challenges, such as lack of insight [6] and difficulties in comprehending the questions, due to cognitive impairment. The validity and reliability of patient self-ratings in dementia has been questioned [6, 19] . Patients with AD, regardless of stage of the disease, rate their HRQoL as relatively high [7] . For example, the lowest 
Figure 2. Incremental cost-effectiveness ratios (ICERs) for different levels of treatment effect, based on patient self-ratings and proxy ratings of patient healthrelated quality of life (HRQoL). Three different levels of willingness to pay (WTP) for 1 quality-adjusted life year (QALY) gained are shown
CEA when both patient and proxy ratings of the patient's HRQoL are used for the same analysis. The results show that there may be large differences in the results of a CEA, depending on whether patient-rated or proxy-rated HRQoL is used (Table III) . When patient self-rated HRQoL was used for the analysis in the present study, the cost per QALY gained (the ICER) was approximately € 53,600. When proxy-rated patient HRQoL was used for the same analysis, the cost per QALY gained was considerably lower, approximately € 15,200 (Table III) . The results of the scenarios using different treatment effects are shown in Figure 2 , together with different levels of willingness to pay (WTP) for 1 QALY gained, of € 20,000, € 30,000, and € 50,000, respectively. The results show that at lower treatment effects (5-7%), the ICERs based on both patient and It has further been debated who the most valid proxy is, as different proxies (family caregiver proxies or physician proxies) may yield different results when it comes to rating dementia patients' HRQoL [6] . Who the appropriate proxy rater is has yet to be established [6] . Due to the large differences in the ICERs, depending on whose ratings are used, a minimum requirement when performing a CEA in AD should therefore be to use ratings from both patients and proxies. As the scenarios with different treatment effect showed (see Figure 2 ), the choice of rater does not always affect the interpretation of the results of the CEA. This should therefore be displayed.
Displaying the results of both patient and proxy ratings will make it possible to make comparisons and to critically appraise the results of the analysis. Including the ratings of both patients and proxies has been previously recommended when it comes to measuring QoL in dementia [10] . This methodological issue and these findings may also be found in other areas where proxy ratings are common and where there are differences between different raters.
METHODOLOGICAL CONSIDERATIONS
This article employs a modeling approach to illustrate the methodological question under investigation. The model used in the present article does not claim to reflect "medical actuality", but uses a fictitious scenario based on a hypothetical treatment. Several assumptions were made when designing the model, an important one being that AD stages are determined by cognitive ability (based on MMSE scores) only. Dementia is a complex disease including different symptoms, of which cognitive ability is one. To measure and model stages of AD based only on cognitive ability has its limitations [21] and has been criticized [22] . The progression of AD includes deterioration of cognitive and functional ability, behavioral aspects, and mood [22] . The aim of the present study was to examine differences between patient and proxy ratings of HRQoL and their potential consequences for decision making. The model only simulates deterioration of cognitive ability and consequences for decision making depending on rater. We suggest that further studies more comprehensively should reflect the complexity of dementia progression, also using longer term cost and utility data from clinical studies in the model in order to fully investigate these matters.
ratings from the persons with AD used in the present model, data from Jönsson et al. [7] , were from patients at AD stage 3, with a EQ-5D HRQoL weight of 0.73, while the highest were from AD patients at stage 1, with a HRQoL rating of 0.85 (shown in Table  II ). This could be compared to EQ-5D ratings from the Swedish general population, which on average are 0.79 in the age group 70-79 years [20] . Departing from the example in the present study, the use of self-ratings of the patients would mean that the treatment would not be considered cost-effective. Because of the difficulties of self-ratings in AD due to the nature of the disease, it can be argued that using patient self-ratings, with its potential consequences for resource allocation, would not be ethically just. Proxy ratings of the patient's HRQoL are often used as an alternative to patient selfratings when the patient is suffering from cognitive impairment (see e.g. [19] ). Proxy ratings of patient HRQoL in AD using the EQ-5D have been shown to strongly relate to cognitive functioning [7] . Proxy ratings are, however, not without challenges. There is a low level of agreement between proxy ratings and patient self-ratings, and factors related to the proxy (level of caregiver burden), and not necessarily to the patient, have been shown to influence proxy ratings [5] . It could be argued that using the ratings of a proxy would be unethical as it is difficult to assess what the "real" HRQoL of the patient is. The validity of self-ratings of HRQoL by the patients themselves in the more severe stages of dementia is, however, probably considered as questionable due to the nature of the disease. But in milder stages of dementia, cognitive impairment may not be so prominent. Previous studies have recommended the use of patient self-ratings of subjective QoL in mild-moderate dementia [5] . Considering the discussion concerning whose preferences to use when it comes to the preferences of the individual or of the general public, Gold et al. (1996, p. 100) [3] write: «To inform public policy decisions, one would wish to have judgments that are informed, unbiased and competent. Problems emerge in meeting these measurement criteria simultaneously both for persons who are experiencing the health state and for those who are not». The statement above is true also for the patient-proxy case. Patients may be regarded as not informed or competent at making selfratings. Proxies, on the other hand, may not be seen as unbiased and consequently may not be competent at making ratings of patient HRQoL. This poses the problem of choosing whose ratings to use.
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patient and proxy ratings should be used in CEA's. The best way to measure HRQoL in AD for CEAs has yet to be established. In order to critically appraise health economic assessments in AD and, further, to make informed decisions on resource allocation, the issues of measuring HRQoL in dementia should be given more attention in future research.
